The morphology of faecal microflora of nine healthy human volunteers was studied by digital image analysis of microscopic slides. Weekly specimens were collected during an 8-week period. Seven morphometrical parameters were derived: the means and medians of components 1, 2 and 3, and morphometrical entropy. Statistically significant differences among subjects were found for means of components 1 and 2, medians of components 1, 2 and 3, and entropy. The stability in normal circumstances provides an excellent basis for the detection of pathological change in gut flora balance.
INTRODUCTION
The microflora of the human digestive tract has been the subject of physiological and pathological study. Resistance to colonization and infection with intestinal pathogens depends on the integrity of the resident microflora [1, 2] ; details of this colonization resistance have not yet been fully clarified. Some antibiotics have strong effects on gut flora; due to practical problems with existing methods the consequences of antibiotic therapy for colonization resistance cannot yet be predicted from routine measurements of patient specimens. Therefore, detailed study of gut microflora is needed.
Methods in use for studying gut microflora include aerobic and anaerobic culturing of faeces, and various chemical techniques aimed at detection in faeces of substances associated with integrity or otherwise of the flora [3] [4] [5] [6] . In principle, the culturing methods can provide detailed insight in the microbial species present. In view of the large number of anaerobic species in normal gut flora (around 400; [7] ) and the fact that most of them grow slowly and are difficult to identify, anaerobic culture is of limited practical use. Aerobic culture is less laborious but still takes between 2 and 4 days for full results on the aerobic segment of the microbial population [8] . The chemical Microflora Associated Characteristics are used primarily in research. So far, the only method in routine clinical use is -chiefly qualitative -aerobic culture.
Digital analysis of microscopic images (micromorphometry) has recently been used in environmental and medical microbiology [9] [10] [11] and shows promise for summarizing properties of complex microbial ecosystems [12] . Details of methods can be found in the textbooks by Gonzalez and Wintz [13] and Serra [14] . The methods employed in this study were described in more detail by Meijer and coworkers [15] . Interestingly, Baquero and colleagues [16] have found that on microscopic examination of faecal flora from antibiotic-treated subjects, morphological diversity was less than normal.
The present study is part of a research programme to find morphometrical parameters suitable for routine monitoring of faecal flora in patients. Sensitivity to disturbance of ecological balance, and stability in the absence of such disturbance are required of such parameters. To provide a basis for further work, normal variation of these parameters among humans and in time will have to be quantitated. Furthermore, data analysis should permit quantitation of morphological diversity. the second form factor; c = logH-logA, the concavity. Natural logarithms were used. Next, coefficients obtained from a representative sample (N = 1000) of faecal bacteria were used to compute principal component (PC) score coefficients. This set of coefficients was kept unchanged during this study and will be used in further experiments. Three principal component scores (x1, x2 and x3) were then computed for each bacterium. PC analysis is treated extensively in texts on multivariate statistics, for example by Mardia and colleagues [18] . It should be stressed that the procedure of principal components was used here with a more orthodox purpose than in our work on pure cultures [15] . , f2 and c; medians of a, f,, f2 and c, and means and medians of the three components derived from those variables. As an indication of discriminating power we determined F-ratios for the first discriminant components found from each of the four groups. Homogeneity of within-subject variances was tested by Bartlett's method.
MATERIALS AND METHODS

During
RESULTS
A total of 58 (80 %) of a possible 72 faecal specimens was received for analysis. One subject provided 8 specimens, 3 provided 7, 4 provided 6, and 1 provided 5. Table 1 Subsequent transformation from four variables to three PCs was done to reduce dimensionality. In the present experiment, no loss of discriminatory power was found. On the contrary, when sample medians of both original viables and PCs were used to distinguish between subjects, the latter gave better results (Table 2) The median has no such property, but sample medians are more robust against outliers than are means, and so will provide a better signal-to-noise ratio. In this experiment, therefore, both means and medians have been determined, so that reference values of both will be available for future work. The morphometrical parameters chosen are stable in time, and temporal variation has been quantitated. This allows differences between subjects to be distinguished. Furthermore, it means that, given one specimen of normal gut flora from an individual, a 'normal' region can be constructed for the morphometrical parameters of future specimens from this individual. If later samples yield parameter values outside this region, the gut flora is seen to be disturbed. Strictly, median 1 cannot be used for this purpose, because it does not have the same degree of variation in time for every individual.
The morphological composition of human gut flora shows differences between individuals. Our method can be used to document such differences, and this estimate of normal variation between humans will be used in further work on the influence of antibiotics, diet, and disease on flora morphology. The method would, however, not suffice to identify single humans from large groups of candidates.
